Received for publication August 27, 1959 A REDUCED degree and frequency of aortic atherosclerosis have been reported in patients with cancer compared with non-cancer controls (Foldes, 1949; Wanscher, Clemmesen and Nielsen, 1951; Juhl, 1955; Creed, Baird and Fisher, 1955; Elkeles, 1956 ). These observations have been made both on autopsied groups (Wanscher, Clemmesen and Nielsen, 1951; Juhl, 1955; Creed, Baird and Fisher, 1955 ) and on groups of living patients (Foldes, 1949; Elkeles, 1956 ). However, since death from cancer frequently follows prolonged malnutrition and starvation, conditions favoring remission of atherosclerotic lesions, conclusions relative to this hypothesis are open to question when based on autopsy observations. On the other hand, Elkeles (1956) used roentgenologic diagnoses of calcification of the abdominal aorta to study the hypothesis in living patients. This seemed reasonable since it has been shown that there is a high correlation between roentgenological and pathological findings (Hyman and Epstein, 1954) . Elkeles confirmed the hypothesis that there is a dissociation between cancer and aortic atherosclerosis in general and extended it to include the concept that this dissociation holds primarily for cancers which are influenced by genetic elements or are hormone dependent but not for those caused by exogenous carcinogenic agents. Unfortunately, the control groups utilized by Elkeles were drawn from general hospital populations and might well be selected with respect to the prevalence of aortic atherosclerosis.
Since these observations may be of importance as an indication of the influence of various metabolic and hormonal factors on cancer and atherosclerosis, we thought it would be of interest to try to confirm them on a population of patients admitted to the Roswell Park Memorial Institute, a cancer hospital. The advantage of this patient population is that, despite the fact that all patients admitted to the hospital have a suspect diagnosis of cancer, nearly half of the admissions are ultimately shown to be free of cancer. This latter group of patients serves as a "control" for comparison with the cancer group.
METHOD OF STUDY
As the study population, we selected 1462 consecutive admissions of white patients forty or more years of age during 1955. All patients had a posterioranterior chest radiogram on admission; these were utilized for a diagnosis of aortic atherosclerosis. X-ray films on 1405 (96 per cent) of the study group were located. The radiologist (R. L) read these films with respect to presence of athero-sclerosis, without the knowledge of the age or diagnosis of the patient. Information on diagnoses and other characteristics of interest were subsequently abstracted and coded directly from the hospital charts. The frequency of atherosclerosis among the cancer patients was then compared with a similar frequency in the "control" group.
To check on the validity of the radiological diagnosis of aortic atherosclerosis, a separate study was carried out utilizing autopsy material as well as admission radiograms. The pathologist (J. P.) graded 192 aortas for severity of atherosclerosis. These determinations were repeated after an interval of two months without knowledge of the first determinations. The results of this dual reading of degree of aortic atherosclerosis are shown in Table I . In 72 per cent of the dual readings both determinations were the same. In only 3 instances did first and second determinations differ by more than one grade. The radiologist (R. L.) then read the admission radiograms of these 192 patients without knowledge of the pathological diagnoses. The comparison of the radiological diagnosis of aortic calcification (atherosclerosis) and the first pathological diagnosis is shown in Table II . It is apparent that the radiological diagnosis was not particularly sensitive since a large number of patients with serious atherosclerosis were missed by the radiologist who depended on evidence of aortic calcification to make a diagnosis. However, the radiological diagnosis was highly specific since only cases with atherosclerosis of grade two or greater, were diagnosed by the radiologist. In view of this specificity we considered that the radiological diagnosis of aortic atherosclerosis, based on a determination of the presence of aortic calcification, could serve as an adequate index to test the hypothesis of a dissociation between cancer and atherosclerosis of the thoracic aorta. Table III . Since there are differences between the age distributions of the males and females, both with and without cancer, it was necessary to take age into account in all comparisons between cancer patients and non-cancer patients; this was done by computing age-standardized percentages using the direct method of standardization. In all previously published studies a difference between the overall frequencies of atherosclerosis among cancer patients and controls has been reported. Such a difference is not found in the present study. Table IV shows the age-specific proportions with radiological evidence of aortic atherosclerosis for both males and females with and without a diagnosis of cancer. For each age and sex these percentages are essentially the same for patients with cancer and for patients without cancer. The age-adjusted percentages for males are 18.5 among the cancer patients and 18.7 among the non-cancer patients, and for females they are 24.8 for cancer patients and 23.5 for non-cancer patients. It is interesting that the percentage atherosclerotic for each age group among both the cancer and non-cancer patients is greater for females than for males with the exception of the non-cancer group aged 50-59. This is in partial agreement with the observation of Elkeles (1957) that atherosclerosis of the abdominal aorta is more common among older women than among men of the same age.
In Tables V and VI data According to Elkeles (1956) , aortic atherosclerosis is particularly infrequent in patients with gastric carcinoma (7 per cent), carcinoma of the breast (14 per cent), and prostate (10 per cent). On the other hand, he indicates that the occurrence of aortic atherosclerosis is the same in patients with cancer of the respiratory tract (38 per cent) and controls (37 per cent). In the Roswell Park series there were 15 patients with cancer of the stomach, and of these 3 (20 per cent) showed evidence of aortic atherosclerosis. There were 117 patients with cancer of the breast, of whom 35 (30 per cent) showed evidence of atherosclerosis.
There were 16 patients with cancer of the prostate and 5 (31 per cent) of these showed aortic atherosclerosis. Grouping cancer of the buccal cavity, pharynx, larynx, trachea, bronchus, and lung together yields 140 cases, of which 39 (28 per cent) had evidence of aortic atherosclerosis. These data do not support the contention that particular cancer sites are relatively free of aortic atherosclerosis.
In his studies of the dissociation between atherosclerosis and cancer, Elkeles (1956) used radiological evidence of calcification of the abdominal aorta as an index of atherosclerosis, since the abdominal aorta is usually the site of the earliest and most severe manifestations of aortic atherosclerosis. Since various portions of the arterial system show different atherosclerotic manifestations, frequently uncorrelated, our observations of the thoracic aorta are not really comparable with observations of the abdominal aorta. Of the 1462 patients in our sample, scout films of the abdomen were available on 509 (35 per cent). In addition, 115 abdominal radiograms were available for comparison with pathological diagnoses. In Table VII the radiological diagnosis of abdominal aortic calcification is compared with the pathological diagnosis of abdominal atherosclerosis. On the basis of routine scout films of the abdomen, the diagnosis of atherosclerosis of the abdominal aorta is shown to be somewhat less sensitive than for the thoracic aorta. Only 11 per cent of patients with the severest grades i.e. grades three and four, aortic atherosclerosis were discovered by radiological examination of the abdomen. Nevertheless, the technique was highly specific since none of the aortas graded zero or one by the pathologist was called atherosclerotic by the radiologist.
In Table VIII It is of interest to compare our findings and those of Elkeles (1956) with respect to calcification of the abdominal aorta among cancer patients. Since he published age-specific percentages, it has been possible to age-adjust his data and ours for comparison. When this was done, the frequency of aortic atherosclerosis among the cancer patients observed by Elkeles was the same as that observed at the Roswell Park Memorial Institute, namely, 16 per cent. We were also able to compare the percentages with atherosclerosis of the abdominal aorta in the control group in Elkeles' and the present series. Elkeles found atherosclerosis of the abdominal aorta among 35 per cent of his controls, while at the Roswell Park Memorial Institute 10 per cent showed atherosclerosis. These comparisons suggest that the differences between our findings and those of Elkeles may be due to differences in the types of patients used as controls. However, since Elkeles took special pains to diagnose calcification of the abdominal aorta, the observation of a similarity between the occurrence of this finding in his cancer series and ours may indicate an increased frequency of the condition in our series where no special effort was made to obtain radiograms for the diagnosis of abdominal aortic calcification.
The hypothesis that atherosclerosis is less frequent among patients with cancer than among controls, and that this dissociation varies according to site, interested us since it was consistent with certain endocrine hypotheses for the etiology of selected cancers and was consistent with certain concepts regarding the etiology of atherosclerosis. For example, Lilienfeld (1956) has shown that the excess of breast cancer in single women over married women may be attributed to the later entry into the menopausal state of single women and that this difference in age may be due to the increased frequency of artificial menopause in married women. Winkelstein, Stenchever and Lilienfeld (1958) have shown that women with a history of myocardial infarction have a more frequent history of abortion and artificial menopause than a control group. These two observations suggest the hypothesis that breast cancer and myocardial infarction are dissociated and would lead one to expect that breast cancer and atherosclerosis are likewise dissociated. This is consistent with other data suggesting that estrogens have a protective effect with respect to coronary atherosclerosis and may serve as a predisposing influence on the development of breast cancer (Stamler, Katz, Pick and Rodbard, 1955; Wuest, Dry and Edwards, 1953; Rivin and Dimitroff, 1954) . On the other hand, it has been shown that coronary atherosclerosis is not necessarily correlated with aortic atherosclerosis (Epstein, Boas and Simpson, 1957; Pick, Stamler, Rodboard and Katz, 1952) so that failure to show a dissociation between aortic atherosclerosis and cancer of the breast does not shed light on the hypothesis that breast cancer and myocardial infarction are dissociated.
The observations reported here which indicate that there is no dissociation between cancer in general, or cancer of particular sites, and atherosclerosis of the thoracic aorta are in sharp contrast to previously published data. Nevertheless, the frequency of atherosclerosis of the abdominal aorta among the cancer patients surveyed in this study is similar to that observed by at least one previous investigator (E]keles, 1956) . It is our feeling that the differences observed in previous studies stem from two causes. In studies of autopsied persons, cancer patients have been subjected to a variable period of starvation and malnutrition prior to death which may have produced a remission in the severity and frequency of atherosclerotic lesions. Furthermore, control material drawn from autopsy studies would tend to be weighted by cases in which atherosclerosis might be a frequent accompaniment. The second factor, i.e., selection, may also be responsible for the differences observed in the radiological studies. One would expect hospital populations to contain larger proportions of hypertensive and diabetic patients than the general population. Epstein, Boas and Simpson (1957) have shown that diabetes mellitus is associated with an increased frequency of calcification of the aorta, determined radiologically, when compared with a control group without diabetes.
It would seem that the utilization of patients suspected of cancer but subsequently shown to be without this disease as controls would eliminate some of the selective factors likely to be present in the study of a general hospital population. It is unlikely that diseases such as diabetes and hypertension which are known to predispose patients to the development of aortic atherosclerosis would be selectively preferred among patients with suspected cancer, whereas they would be expected to be more frequently represented in general hospital admissions than in the general population. 2. Posterior-anterior thoracic radiograms are highly specific in indicating the presence of calcification of the aorta while scout films of the abdomen are somewhat less sensitive but also highly specific.
3. The frequency of calcification of the thoracic aorta and of the abdominal aorta has been shown to be essentially the same in cancer and non-cancer patients. The percentages of cancer patients with radiological evidence of atherosclerosis of the aorta is essentially the same for various types and sites of cancer.
4. The previously reported observation that there is a dissociation between atherosclerosis of the aorta in cancer patients and non-cancer controls is not confirmed in the present study.
